To evaluate the sagittal alignment and range of motion (ROM) of the cervical spine during cervical flexion and extension ,using multi-detector-row-computed tomography (MDCT) in asymptomatic subjects. Understanding the normal alignment and range of motion of the cervical spine is very important while evaluating patients with cervical spine instability and abnormal alignment. Several reports using plain radiographic data have assessed the alignment and ROM of the cervical spine during flexion and extension. However, there has been no such report using MDCT. Ninety-eight subjects who did not have cervical spine-related symptoms were enrolled. After myelography, all subjects underwent cervical MDCT in cervical flexion and extension. Sagittal alignment and ROM between C2 and C7 were measured.The sagittal alignment between C2 and C7 was -11.7°±8.3° (mean ± standard deviation) in flexion and 26.5°± 12.9° in extension. The C5/6 level showed maximum kyphosis in flexion. The C6/C7 level demonstrated maximum lordosis in extension. ROM between C2 and C7 was 37.9°±11.2°. The C2/3 level showed the lowest ROM and the C5/C6 level showed the highest ROM among the intervertebral levels evaluated.The sagittal alignment and ROM of the cervical spine during flexion and extension in asymptomatic subjects were measured using MDCT. Each level between C2 and C7 could be evaluated in detail without any influence due to degenerative changes in the spine or soft tissues of the shoulder. MDCT generated a more precise understanding of the dynamic changes at each evaluated intervertebral level in the cervical spine.
INTRODUCTION
Several studies have used plain radiography, for assessing the alignment and range of motion (ROM) of the cervical spine during cervical flexion and extension. [1] [2] [3] [4] However, these results are not always consistent. In addition, accurate evaluation was not possible in some cases because of the influence of posture and rotation, such as the overlap between the soft tissues of the shoulder and the cervical spine. In recent years, cervical spine has been evaluated in detail using multi-detector-row computed tomography (MDCT). [5] [6] [7] With this measurement method, the shape of the vertebral body can draw a clearer image than X-ray. Therefore, more accurate measurement can be expected for each vertebral body. However, no report investigated the sagittal alignment and ROM of the cervical spine during flexion and extension in asymptomatic subjects using MDCT. Therefore, the aim of this study was to identify the sagittal alignment and ROM of the cervical spine at each segmental level using MDCT. In addition to the knowledge of the cervical vertebra reported in past X-ray measurements, it can be expected that this study, which shows results with different measurement methods, may help to obtain further knowledge.
MATERIALS AND METHODS

Study population
A total of 98 patients (64 males, 34 females; mean age 47.3±14.4 years; range 21-77 years) who were admitted to our hospital for the treatment of lumber disc herniation from January 2010 to December 2011 were prospectively enrolled in this study.
Cervical disc herniation, spondylosis, ossification of the posterior longitudinal ligament, vertebral fusion, tumors, or instability /abnormal alignment of the cervical spine were ruled out in all patients using plain radiography, CT, and magnetic resonance imaging; in addition, no patients had any cervical spine-related symptom.
After preoperative myelography for the diagnosis of lumbar disc herniation, MDCT of the cervical spine was performed in both maximum flexion and extension. The aims of this study were explained to all patients before myelography and CT, and all patients provided informed consent for participation. This study was approved by the hospital institutional review board.
CT in spinal flexion and extension
Pillows and/or folded towel were placed below the head for cervical flexion and between the shoulders for cervical extension.
In this study, by adjusting the position and amount of pillows and towels, we can evaluate the maximum extension and maximum flexion position as far as possible even in the supine position. It took approximately 5 seconds to perform MDCT [5, 6] . A 64-line, multislice CT (Light Speed VCT; GE Healthcare Bio-Sciences, Piscataway, NJ, USA) was used. The images were taken perpendicularly as far as possible for each disc level between C2/C3 and C7/T1.
Measurement and data analysis
All CT images were transferred to a microcomputer and all parameters measured twice using Scion Imaging Software (Digitalcore Co.Ltd, Onis 2.1, Tokyo, Japan): mean data were calculated. Lordotic angle of each segment (between C2/C3 and C7/T1) was measured in the sagittal plane with reference to the lower edge of the vertebral body, similar to the measurement of Cobb's angle. Lordotic angles were indicated by a plus sign(+) and kyphotic angles were indicated by a minus sign(-). Total lordotic angle (between C2 and C7) was calculated as the summation of each segmental lordotic angle (between C2/C3 and C6/C7). Total and segmental ROM were then calculated [ROM = (lordotic angle at maximum extension) -(lordotic angle at maximum flexion)]. In order to reduce errors due to the measurement method, a single orthopedic surgeon measured the same site twice, and the average value was taken as the result.
RESULTS
Sagittal alignment (angle)
Sagittal alignment between C2 and C7 was -11.7°±8.3° (mean ± standard deviation) in flexion, egmental lordotic angles in flexion were -3.3°±2.6° at C2/C3, -3.2°±2.4° at C3/C4, -3.8°±2.6° at C4/C5, -4.0°±2.7° at C5/C6, -2.1°±2.6° at C6/C7 those in extension were 2.8°±2.6°at C2/C3, 4.2°±3.2° at C3/C4, 5.6°±3.2°at C4/C5, 5.6°±3.9°at C5/C6, and 6.9°±3.7° at C6/C7.
The maximum kyphosis angle in flexion was at the C5/C6 disc level, and the maximum lordosis in extension was at the C6/C7 disc level.
ROM
ROM between C2 and C7 was 37.9°±11.2°. Segmental ROM was 6.1°±3.8° at C2/C3, 7.4°±3.6° at C3/C4, 9.3°±3.8° at C4/C5, 9.7°±3.9° at C5/C6, 8.9°±4.3° at C6/C7. ROM gradually increased from C2/C3 to C5/C6 and decreased from C5/C6 to C6 /C7. The C2/C3 level showed the least ROM and the C5/C6 level showed the maximum ROM among the levels evaluated. The maximum lordosis in flexion was at C5/C6 and the maximum kyphosis in extension was at C6/C7.
DISCUSSION
Functional MDCT could evaluate the sagittal alignment and ROM between C2 and C7 in detail without any influence of degeneration of spine and soft tissues of shoulder.
The cervical spine showed a total of 37.9° ROM in the sagittal plane, measured by flexionextension CT. This value was lower than that measured by plain radiography in many previous studies. With regard to segmental ROM, the minimum and maximum was at C2/C3 and C5/ C6, respectively.
Several studies evaluating the alignment and ROM of the cervical spine in flexion and extension using plain radiography have been reported. However, accurate evaluation was difficult in some cases because of the influence of posture and rotation, such as the overlap between the soft tissues of the shoulder and the cervical spine, especially during the assessment of the lower cervical spine.
Evaluation using MDCT is not influenced by soft tissue shadows and it is possible to observe the vertebral end plates clearly, even though images are taken only in the supine position. In comparison with reports using plain radiography, the lordotic angles generally had lower values in our study. However, dynamic changes in each segmental levels showed a similar trend. Segmental lordotic angles in extension also showed lower values on the whole, particularly in C4/C5. This suggests that cervical extension was limited because of the supine position in our study.
To obtain more accurate measurements, a better imaging position for the evaluation in cervical extension is required.
Holmes reported the normal functional ROM of the total cervical spine as 67.2°2 ) and Lind reported as 66.0°.
3) Sagittal ROM from C2 to C7 was 55.3°±16.0° according to the results of medical evaluations on the cervical spine performed on 1200 healthy volunteers. 4) However all date in these studies were obtained using plain radiography.
ROM of the whole cervical spine in our study showed generally lower values, similar to the segmental lordotic angles. Dynamic changes of ROM in each intervertebral disc level showed a similar trend to those observed in previous reports. ROM at each level gradually increased from C2/C3 to C5/C6 and decreased from C5/C6 to C6 /C7.
Compared with the results of previous studies. ROM values obtained in the present study was approximately 70 %. It is likely that extension was limited because of the supine position used in our study. Which led to the observation of a lower range of motion; however, we were able to make a more accurate assessment of alignment and ROM of cervical spine at the segmental level.
The cervical region is the most mobile region of the spine and allows for a wide range of motion. The human spine is also subjected to large compressive preloads during the activities of daily life. Recently other studies have shown the efficacy of kinematic CT myelography to investigate dynamic factors in patients with cervical spondylotic myelopathy. 5, 7) There are several potential limitations to the present study. The kinematic studies were performed only during cervical flexion and extension and not in the neutral position. The examination of three different positions may have revealed interesting patterns of dynamic changes; however, this would have further increased patient's risk of radiation exposure. In the evaluation of dynamic instability, the elements of gravity and range of motion are very important. Unfortunately, we can not evaluate the gravity, although we can focus on the range of motion due to the characteristics of the inspection in this research. Despite these limitations, kinematic CT myelography was useful for evaluating the dynamic causative factors.
